In view of the major advances achieved by the CLAS experiments in studying the N * electroexcitation amplitudes, as well as further extension of these studies in the experiments with CLAS12, we present an approach for the evaluation of the resonant contributions to inclusive electron scattering off protons. For the first time, the resonant contributions are determined from the experimental results on N * electrocouplings available from the data analyses of exclusive meson electroproduction off protons. This is a useful benchmark for future endeavours on understanding the transition region between low and high-energy regions, strongly related to tests on quark-hadron duality.
Introduction
Due to their connection to the nucleon parton distribution functions (PDFs), which were recently related to the QCD Lagrangian (see Refs. [1] [2] [3] and references therein for an overview), and in view of the exploration of the quarkhadron duality [4] , the interest in inclusive electron scattering reactions off nucleons has been strong. The Jefferson Lab (JLab) data played an important role in these studies [5] [6] [7] [8] [9] . The experiments in Halls A/C [6, 7] provided precise information on inclusive electron scattering at the invariant masses of the final hadrons of W < 4.0 GeV and photon virtualities Q 2 < 6.0 GeV 2 allowing us to disentangle the transverse and longitudinal parts of the inclusive cross sections. The CLAS detector offers a unique possibility of obtaining the inclusive structure functions F 2 in the broad range of W < 2.5 GeV at given photon virtuality Q 2 < 4.5 GeV 2 [10] . With the CLAS12 experiments, the largest coverage ever achieved in the resonance region, of Q 2 < 12 GeV 2 will be reached [11] . The broad coverage in W at given Q 2 is particularly important in the resonance region: due to the presence of resonant structures in the observable kinematics, with an intricate behavior as functions of W and Q 2 , the interpolation over W and Q 2 to extract the structure functions becomes challenging in the resonance region. In addition, the analyses of CLAS experiments on exclusive meson electroproduction enabled to determine the nucleon resonance N * electro-excitation amplitudes in terms of the transverse, A 1/2 (Q 2 ), A 3/2 (Q 2 ) and longitudinal, S 1/2 (Q 2 ) electrocouplings [12, 13] . This information has become available for most excited nucleon states in the mass range M N * < 1.8 GeV and at Q 2 < 5.0 GeV 2 , and substantial evidence of a new baryon state N (1720) 3/2 + has been found recently [14, 15] . In the near future, the data on * e-mail: hillerbl@uni-mainz.de π + π − p electroproduction with CLAS will provide electrocouplings of most N * in the mass range up to 2.0 GeV and at Q 2 < 5.0 GeV 2 [16] .
The availability of electrocoupling data on individual nucleon resonances makes it possible to, in this work, evaluate the resonant contributions to the inclusive electron scattering observables, in a fashion independent of the inclusive data, with the use of a relativistic Breit-Wigner ansatz [17] . In a next step, together with a nonresonant background, this will allow to determine the transition from low to high energies and photon virtualities Q 2 , and consequently between resonance bound valence quarks and asymptotically free partons.
Formalism
Following the approach in Ref. [17] and definitions therein, we describe the contributions of the N * and ∆ resonances to the transverse (longitudinal) inclusive virtual photon-proton cross section within the relativistic Breit-Wigner ansatz
where the resonance masses, spins and total hadronic decay widths are given by M r , J r and Γ tot (W), respectively. 
with q γ,r = q γ W=M r . We use the information on the resonance electrocouplings, including the new N (1720) 3/2 + state [14, 15] , from interpolation and extrapolation of the CLAS data [12, 13] over Q 2 as described in Ref. [17] . The interpolation/extrapolation tools developed by CLAS [18] are used for the central values of the electrocouplings from to Q 2 = 0.5 GeV 2 to Q 2 = 5.0 GeV 2 , and their uncertainties are estimated from the experimental data error bars. These uncertainties are propagated to the inclusive electron scattering observables via a bootstrap based approach. At the resonant point W=M r the resonance total decay widths Γ tot (W) were taken from the PDG [19] . Their W-dependencies were evaluated as described in Ref. [17] , assuming that the centrifugal barrier penetration factor shapes the W-evolution of the total resonance decay widths. The resonant contributions to the unpolarized inclusive cross section is then given by [7] 
with θ e the electron scattering angle and ν the energy transfer to the target. The resonant pieces of the inclusive structure functions are computed from the cross sections in Eq. 3 as [20]
We refer to Ref. [17] for further details.
A special procedure has been developed for the interpolation of the experimental results on inclusive structure functions in the region of 1.07 GeV< W <4.0 GeV and Q 2 < 7.0 GeV 2 [10] . This procedure is also used for the interpolation of the resonant contributions. In Ref. [21] , the inclusive structure functions, virtual photon and electron scattering inclusive cross sections can be computed online for the beam energies defined by the user. The user friendly interface is available to provide the computed results both as numerical files and as sets of plots.
Results and discussion
In Figs. 1 and 2 we show the transverse (unpolarized) cross sections, σ R T (U) for an electron beam energy of 10.6 GeV, and at representative values of photon virtualities in the range of Q 2 ≥ 1 GeV 2 , where partons become active degrees of freedom in inclusive electron scattering. In Fig. 1 , the decomposition into the individual contributions of each resonance is shown, while in Fig. 2 the resonant contribution from all resonances combined are compared with the full unpolarized cross section data [10, 21] . Although the resonances clearly cluster into three regions, their tails give important contributions to the neighboring ones. Even the first region, clearly dominated by the single ∆(1232) 3/2 + resonance at Q 2 ≈ 1.0 GeV 2 , is also affected by the tail of the N(1440) 1/2 + . This becomes increasingly relevant at higher Q 2 , since the transverse ∆(1232) 3/2 + electrocouplings decrease with Q 2 much faster than those of the N(1440) 1/2 + [21] . In the second resonance region, the N(1535) 1/2 − gives the largest contribution at Q 2 > 2.0 GeV 2 due to the slower decrease of its A 1/2 electrocoupling with Q 2 in comparison with that of N(1520)3/2 − [12, 13] . For the same reason, its tail gives increasingly noticeable contributions with Q 2 also to the third resonance region. Because of the large total decay width of the N(1440)1/2 + resonance 300 MeV, its complementary contribution is observed in all three resonance regions at W < 1.7 GeV. The contribution from several overlapping resonances combined generates the peak seen in the third resonance region of the cross sections. The largest contributions in the third region are assigned to the N(1680) 5/2 + and the N (1720) 3/2 + candidate. The contribution of the N (1720) 3/2 + is needed in order to reproduce the third resonance maximum seen in the virtual photon inclusive cross section. Overall, the transverse resonant part gives the largest contribution to the resonant cross sections. The size of the longitudinal piece increases with W, but does not exceed 30% of the total cross section in the kinematical region shown here. The evolution of the unpolarized resonant cross sections with Q 2 is rather complex: both the first and the third regions show a stronger fall-off with Q 2 than the second peak, mainly due to the N(1535) 1/2 − contribution in the second region. The different resonance states thus seem to display rather considerable differences in the Q 2 evolution of their electrocouplings, thus underlying the importance of dedicating separate analyses to each of them.
The predicted resonant contributions to the longitudinal virtual photon cross sections are shown in Figs. 3. The longitudinal part of the cross section is sensitive to highlying N * . The largest contributions to the longitudinal exclusive cross sections come from the resonances with masses above 1.6 GeV. The contributions from each resonance demonstrate a pronounced dependence on Q 2 .
Future experimental results from CLAS on resonance electrocouplings in the mass range from 1.6 GeV to 2.0 GeV and 0.4 GeV 2 < Q 2 < 5.0 GeV 2 expected from the data [22] [23] [24] [25] will improve our estimates on the contributions from excited nucleon states in the mass range above 1.6 GeV. Furthermore, they will provide the first results on electrocouplings of the resonances in the mass range above 1.9 GeV, where the transition from the resonance to deep inelastic scattering regions takes place. Figure 4 . Pseudo-data (purple points) for the differences between the F 2 structure function data [10, 21] and the estimated resonant contributions, compared to the background used in Ref. [7] (green curve). The dotted vertical lines show the opening of meson-nucleon electroproduction channels. The dash-dotted vertical lines show the opening of π N * channels.
Since our evaluation of the resonant contributions depends only on exclusive electroproduction data, it enables to give a first estimate of the non-resonant contributions to the inclusive observables. This estimate consists in determining the difference between the inclusive data and the resonant contributions estimated independently from exclusive meson electroproduction data. This is shown in Fig. 4 , and can be interpreted as pseudo-data for the background of the structure function F 2 measured by CLAS [5] . Both the data and the model uncertainties are propagated into the final error bars shown. We also show the comparison of the contributions inferred from the data with the background model from Ref. [7] . The non-resonant contributions determined by realistically accounting for the nucleon resonances demonstrate several structures and a sharp increase with W from 1.6 GeV to 1.7 GeV seen in all Q 2 -bins. One can observe several kinks in the W dependence of the background for F 2 . It appears, however, that each of them is associated with the opening of a meson-baryon channel, namely ππN at 1.21 GeV, ηN at 1.49 GeV, and ωN at 1.72 GeV. We also show the W values for the opening of the π + N(1520) 3/2 − , π + N(1680) 5/2 + and ρN channels, calculated at the resonance central masses. Because of the appreciable decay widths ( 100 MeV) of the unstable final states, instead of kinks these channels produce sharp growths in the W dependence of the F 2 structure function at 1.6 GeV W 1.7 GeV, seen in all Q 2 bins. These features are not presented in the extrapolation of the non-resonant contributions from the deep inelastic scattering region into the resonance region in Ref. [7] . Therefore, the realistic estimate of the resonance contributions from the experimental electrocoupling data may have impact on the insight into the parton distributions in the ground nucleon at Bjorken variable x values close to unity, within the resonance region. This is the subject of our future work.
Preliminary results on inclusive electron scattering with a 10.6 GeV electron beam have recently become available from the CLAS12 detector. The achieved kinematic coverage is shown in Fig. 5 (top) . The Q 2 dependence of the normalized inclusive event yield shown in Fig. 5 (bottom) is in good agreement with the expectation from the interpolation of the CLAS and world data on inclusive electron scattering [10] . The approach presented [10] in these proceedings provides a phenomenological tool for the analyses of the CLAS12 data on inclusive electron scattering at high photon virtualities of Q 2 > 5.0 GeV 2 in the resonance region.
Summary
In this work, for the first time the resonant contributions to unpolarized electron scattering observables have been evaluated in the first three resonance regions, using as input the CLAS data on resonance electrocouplings [12, 13] . For all three resonance peaks, we observed substantial contributions from the resonance tails in the neighboring regions. The behaviour in the Q 2 evolution of the resonance structures is non-trivial: the first and third peaks decrease strongly with Q 2 , while the second region has a softer decrease: in fact, its ratio with respect to the back-ground stays relatively constant. These distinctively different structural features underline the importance of the separate studies of the nucleon resonances for the exploration of strong QCD.
The comparison between the resonant contributions and data from CLAS [5] allowed to give an estimate for the separate contribution of the background at different values of Q 2 . The electrocouplings of nucleon resonances in an even broader mass and Q 2 range will soon become available [23, 26] , and with the CLAS12 endeavour on both exclusive and inclusive electron-induced reactions, the data base will be extended to the largest Q 2 interval ever achieved, from 0.05 GeV 2 to 12 GeV 2 . The present study can thus also be used as a phenomenological tool for the analysis of CLAS12 data. Ultimately, our goal is to model resonant and background contributions in a combined fashion in wide Q 2 regions, in order to describe the data at low and high energies. By using the experimental results on the nucleon resonance electrocouplings we are also planning on gaining insight into the parton distributions in the ground nucleons at Bjorken variable x values close to unity, within the resonance region.
